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(54) ANALYZER FOR LIQUID SAMPLES 

(57) An analyzer for liquid samples, comprising a 
liquid sample introduction member, a filter member for 
capturing a solid component of a liquid sample intro- 
duced from the liquid sample introduction member, and 
an analyzer member for analyzing an object substance 
in the liquid sample passed through the filter, wherein a 
clearance-carrying flow passage securing member is 
formed so that the permeation of a liquid component in 
the liquid sample is not prevented by the solid compo- 
nent captured by and accumulated on the filter member 
between a member, which is provided above the filter 
member, and the filter member; a specific binding anal- 
ysis method and a specific binding analysis apparatus. 
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sample and detects by the detection member the distribution as a signal intensity controlled by the distance of the mass 
transfer of the signal substance that the signal substance generator generated, i.e., diffusion distance (Published Unex- 
amined Japanese Patent Application No. Hei 5-264552, Published Unexamined Japanese Patent Application No. Hei 
8-75748, and Published Unexamined Japanese Patent Application No. Hei 9-234097). This method enables simple and 
easy and quick measurement of the object substance in a liquid sample at high sensitivity without the operation of 
removal of unreacted substances. 

[0008] However, even with this analysis method, like in other homogeneous methods, hindrance by the solid com- 
ponent such as blood cell in a whole blood sample would affect the signal intensity at the detection member, giving an 
error in the results of measurement of the amount of the object substance in the sample. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, an object of the present invention is to provide an analysis apparatus for a liquid sample, in 
which upon analysis of liquid component in a liquid sample possibly containing a solid component, the permeation of 
the liquid component in the liquid sample in a filter member provided for preliminarily capturing the solid component is 
not prevented by the captured solid component, so that the degree of accuracy in the analysis of the object substance 
in the liquid component in an analysis member downstream of the filter member can improved, the solid component can 
be efficiently captured on the filter member to achieve quick analysis, and the whole apparatus including the filter mem- 
ber can be downsized. 

[0010] Further, another object of the present invention is to provide a specific binding analysis method and a spe- 
cific binding analysis apparatus that measure an object substance in a liquid sample by its specific binding reaction. 
[0011] To achieve the above objects, the present invention provides an analyzer for liquid samples, comprising a 
liquid sample introduction member, a filter member for capturing a solid component of a liquid sample introduced from 
the liquid sample introduction member, and an analysis member for analyzing an object substance in the liquid sample 
passed through the filter, wherein a clearance-carrying flow passage securing member is formed so that the permeation 
of a liquid component in the liquid sample is not prevented by the solid component captured by and accumulated on the 
filter member between a member, which is provided above the filter member, and the filter member. 
[0012] Also, provided is the apparatus in which the above flow passage securing member is constituted by a clear- 
ance formed between a depression formed on a lower surface of a member formed on a body of the apparatus 
arranged above the filter member and an upper surface of the filter member. 

[0013] Further, provided is the apparatus in which the above flow passage securing member is constituted by an 
insertion member having a liquid passage, inserted between the member arranged above the filter member and the fil- 
ter member. 

[0014] Furthermore, the present invention provides a specific binding analysis method and a specific binding anal- 
ysis apparatus that measure an object substance in a liquid sample by its specific binding reaction using the above 
analysis apparatus for liquid samples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Fig. 1 A is a schematic diagram showing a construction example of the specific binding analysis apparatus of the 
present invention and Fig. 1B is a cross-sectional view showing it in its assembled state. 
Fig. 2A is a cross-sectional view showing a structure of an upper cover of the specific binding analysis apparatus 
of the present invention and Fig. 2B is its bottom view. 

Fig. 3A is a cross-sectional view showing a structure of an upper cover of the specific binding analysis apparatus 
of the present invention, Fig. 3B is its bottom view, and Fig. 3C is its side view. 

Fig. 4A is a cross-sectional view showing another structure of an upper cover of the specific binding analysis appa- 
ratus of the present invention and Fig. 4B is its bottom view. 

Fig. 5A is a cross-sectional view showing still another structure of an upper cover of the specific binding analysis 
apparatus of the present invention and Fig. 5B is its bottom view. 

Fig. 6A is a cross-sectional view showing yet another structure of an upper cover of the specific binding analysis 
apparatus of the present invention and Fig. 6B is its bottom view. 

Fig. 7A is a cross-sectional view showing another structure of an upper cover of the specific binding analysis appa- 
ratus of the present invention and Fig. 7B is its bottom view. 

Figs. 8A to D are bottom views showing other structures, respectively, of an upper cover of the specific binding 
analysis apparatus of the present invention. 

Fig. 9A is a cross-sectional view showing another structure of an upper cover of the specific binding analysis appa- 
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ratus of the present invention and Fig. 9B is its bottom view 

Figs J5A to C are viw^^n^^^^n-^ ^. 5^ apparatus 01 11,6 Present invention. 

Fig. 16 is a diagram showing the results of Example 1 
Fig. 17 is a diagram showing the results of Example 2 

rTi Qil 3 ? B d ? 9ramS Sh0Win9 ,he results of 3, respectively 

Fig. 19 is a diagram showing the results of Example 4 

Fig. 20 is a diagram showing the results of Example 5 

Fte 22^ R 3re J iagrams showin 9 the «*■ of Example 6. respectively 

Ro 2^ ^ ^ 9ramS Sh0Win9 *• resu,,s of Exam P>* 7, respectively 
Fig. 23 is a diagram showing the results of Example 8. 

Explanation of reference numerals 
[0016] 

1 upper cover, 2 filter member, 

3 analysis member, 4 lower substrate 

15a. 15b, 15c depression. 21a. 21b glass fiber fitter paper 

37 working electrode (detection member), 9 } ' 

38 terminal for working electrode, 

39 counter electrode, 

41 terminal for counter electrode, 42 base, 

43a, 43b, 43c, 43d assembly hole, 

44a, 44b, 44c, 44d assembly hole,' 

45a, 45b flow inlet, 46 liquid non-permeating member 

51 upper cover, 52 filter member 

53 analysis member, 54 lower substrate 

57 ISSS e ! emen ! f** memb6r ' 56 inSertion e,emen < W*Q member 
57 .nserfton element, 58a, 58b, 58c liquid flow inlet 

59a lower sheet element, 59b upper sheet element' 

60 spacer, 61 thin layer flow passage, 

62a, 62b nonwoven fabric, 63 filter medium 

72 frame, 73 groove, 

81 lower substrate, 82 depression 

83 clogging-preventing filter, 84 blood cell capturing filter 

iirZorssreC^^ 1 —"^ 

87 enzyme substrate impregnation member 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[00171 Hereinafter, the liquid sample analysis apparatus of the present invention (hereafter, referred to as "the 
apparatus of the invention") and specific binding analysis method and specific binding analysis apparatus will be 
explained in detail. 

[0018] The apparatus of the invention has a liquid sample introduction member, a filter member for capturing a solid 
component in the liquid sample introduced from the liquid sample introduction member, and an analysis member for 
analyzing an object substance in the liquid sample that permeated the filter member. 

[001 9] In the present invention, the liquid sample introduced from the liquid sample introduction member is a liquid 
that is expected to contain an object substance whose physical properties, chemical composition or content of a spec- 
ified substance, etc. are to be analyzed or measured. The liquid sample specifically includes urine, serum, plasma, 
whole blood, saliva, eyedrop, cerebrospinal fluid, or secretions from body organs such as nipple. It may also be solid or 
gel-like or sol-like substance such as mucus, tissues or cells, bacterial cells, etc. and even suspensions or solutions of 
these in buffers, extraction liquids, dissolution liquids, etc. 

[0020] The solid component contained in the liquid sample and captured by the filter member is component that 
does not participate in the analysis of or can prevent the analysis of a blood cell component, a cell component, a tissue 
component, an artificial fine particle (latex/polystyrene microspheres, etc.), dust, etc., or their fragments, decompo- 
sates, etc. in the analysis member and that can be substantially captured by the filter member. 
[0021] The liquid component of the liquid sample is a residual liquid component obtained after substantially remov- 
ing the above solid component, which is an object fraction for analysis. 

[0022] Further, in the present invention, the object substance is a substance that is measured in the apparatus of 
the present invention. Specific examples thereof include metabolites, enzyme substrates, enzyme inhibitors, enzyme 
activators, enzyme molecules, or various proteins functioning as antibody molecules or antigens, polypeptides, glyco- 
proteins, polysaccharides, complex glycolipids, or nucleic acids, effector molecules, receptor molecules, etc. 
[0023] More specifically, examples thereof include enzyme substrate or metabolites such as creatinine, uric acid, 
glucose, cholesterol, and neutral fats, acute phase proteins such as C-reactive protein (CRP), tumor markers such as 
a-fetoprotein, carcinoembryonic antigen (CEA), CA125, CA19-9, various proteins such as ^-microglobulin (p2m), and 
ferritin; various hormones such as estradiol (E2), estriol (E3), human chorionic gonadotropin (hCG), luteinizing hor- 
mone (LH), and human placenta lactogen (hPL); various virus-related antigens or virus-related antibodies such as HBs 
antigen, HBs antibody, HBe antigen, HBe antibody, HBc antibody, HCV antibody, and HIV antibody; various allergen 
and IgE antibodies specific thereto; narcotics, medical chemicals and metabolites thereof; nucleic acids of virus and 
disease-related polynucleotide sequences, etc. 

[0024] In the apparatus of the invention, the liquid sample introduction member is an inlet for introducing the liquid 
sample into the apparatus and may be constructed by a microtubular flow passage communicated with the filter mem- 
ber in the apparatus, an opening communicated with a thin layer passage, or an opening formed on the upper part of 
the body of apparatus. Of these, the one constructed by the opening formed on the upper part of the body of apparatus 
is preferred since it is advantageous in respect of downsizing of the apparatus, quickening of measurement, simplifica- 
tion of measurement, etc. 

[0025] In the apparatus of the invention, the filter member is constituted by an element that captures a solid com- 
ponent contained in the liquid sample introduced from the liquid sample introduction member The material constituting 
the filter member that captures a solid component includes, for example, glass fiber filter paper, cellulose filter paper, 
nonwoven fabric, nylon cloth, etc. In the present invention, the filter member may be constituted, for example, by a plu- 
rality of elements so far as it can capture the solid component contained in the liquid sample. In particular, in the case 
where the solid component contained in the liquid sample is blood cell, the filter member is preferably made of a mate- 
rial such as glass fiber filter or nylon cloth. 

[0026] In the apparatus of the invention, the flow passage securing member is provided between the liquid sample 
introduction member and the filter member to carry a clearance formed so that the permeation of a liquid component in 
the liquid sample is not prevented by the solid component captured by and accumulated on the filter member. The liquid 
sample, which contains an object substance, generally tends to pass through in a shortest distance in a region where 
it can permeate, such as a filter, with the result that the solid component in the liquid sample is apt to be captured by a 
local region of the filter. In a conventional apparatus, the captured solid component will locally fill the filter or be locally 
accumulated on the filter according as the liquid sample passes through the filter to locally prevent flow of the liquid 
sample. On the contrary, in the apparatus of the invention, the flow passage securing member acts as a bypass for the 
liquid flow so that the solid component can be captured efficiently and at the same time a sufficient amount of permea- 
tion of the liquid component toward downstream of the filter member where the analysis member is present can be 
secured. That is, in the apparatus of the invention, the flow passage securing member secures space around it even if 
a part of the filter is substantially embedded by the accumulated solid component and has an effect to introduce the liq- 
uid flow of liquid sample to the region where the liquid sample in the filter member can pass, i.e., to the region where 
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ber. In the form having a liquid non-permeating element, oapturing of the solid component starts on the filter portion of 
the flow inlet, which is closer to the sample introduction inlet, in the case where there are a plurality of flow inlets or at 
the flow inlet on the side of the sample introduction inlet in the case where a single flow inlet is present. However, if the 
liquid flow resistance increases because of its initial region being filled with the solid component, the liquid sample can 

5 pass through the flow passage securing member on the liquid non-permeating layer around the flow inlet and readily 
flow to an other flow inlets or other regions of one flow inlet not filled with the solid component. 
[0034] In the liquid non-permeating element, the flow inlet is an opening that allows the liquid sample to flow into 
the filter member from the flow passage securing member and can be readily formed by punching out the liquid non- 
permeating element. For example, in an example corresponding to the circular filter member in the MEDIA analysis 

10 apparatus referred to hereinbelow, a liquid non-permeating element having a flow inlet as shown in Figs. 12A to I is 
exemplified as a preferred one. 

[0035] Also, in the apparatus of the invention, the surface of the filter member may be coated or press-bonded with 
a liquid non-permeating material to form a liquid non-permeating member having a flow inlet on the upper surface of the 
filter member. 

15 [0036] In the apparatus of the invention, the body of apparatus or the above insertion element can be fabricated 
from molded products made of various types of materials, such as cutting molded articles, die-molded articles, or sheet 
laminates made of various materials such as acrylic resin, polyvinyl chloride, glass polystyrene, ABS resin, epoxy resin, 
paper, etc. 

[0037] Also, examples of the liquid non-permeating element include those made of various materials such as PET 

20 film and polyvinyl chloride thin plate. 

[0038] In the apparatus of the invention, the analysis member is a part that analyzes the liquid component in the 
liquid sample. The analysis member measures a signal that is generated or ceased to be generated associated with an 
object substance and analyzes the amount of the object substance in the liquid sample based on the amount of that 
signal. The analysis method for the liquid component in the analysis member is selected suitably depending on the kind 

25 of object substance, purpose of analysis, properties of the liquid component, etc. For example, there can be exemplified 
physical analyses such as measurement of conductivity and measurement of refractive index, chemical analyses based 
on reactions such as complex formation reaction and coloring reaction, enzyme analyses utilizing enzymes such as 
enzyme sensors, enzyme analyses in which the object substance itself is an enzyme, electrochemical analyses utilizing 
electron transportation that can be measured with electrodes, f luorophotometrical analyses that can be measured with 

30 a f luorometer, emission analyses that can be measured with an emission photometer, color analyses that can be meas- 
ured by visual judgment or a color difference meter, specific binding analyses utilizing specific binding reaction such as 
antigen antibody binding reaction or receptor ligand biding reaction, etc. 

[0039] Also, in the apparatus of the invention, the flow passage securing member provided between the liquid sam- 
ple introduction member and the filter member avoids the hindrance of the flow of the liquid component caused by the 

35 capture of the solid component in the filter member, so that it is sometimes the case that the capture of the solid com- 
ponent in the filter member or suppression of the destruction of the captured solid component is effective. For example, 
in the case where a whole blood sample is used as an object substance as a liquid sample, in order to effectively avoid 
the hindrance of flow passage caused by the capture of blood cells, it is sometimes preferable that a blood cell aggluti- 
nation promoter or a blood cell stabilizer is arranged in the filter member, flow passage securing member or sample 

40 introduction member to promote the capture of blood cells in the filter member or suppress the destruction of the cap- 
tured blood cells. The blood cell agglutination promoter that is used includes, for example, lectins, anti-blood cell anti- 
bodies, ionic polymers, etc. The blood cell stabilizer includes, for example, ionic polymers, etc. 
[0040] To suppress the flow passage hindrance reaction caused by the liquid component itself in the liquid sample, 
for example, blood coagulation reaction, it is sometimes preferable that a blood coagulation inhibitor be arranged in the 

45 filter member, flow passage securing member, liquid sample introduction member or downstream analysis member to 
suppress blood coagulation in the filter member or the analysis member downstream. As the blood coagulation inhibi- 
tor, there can be exemplified heparin, chelating agents such as EDTA, citric acid salts, sodium fluoride, etc. 
[0041] Further, in the specific binding analysis method represented by the MEDIA method referred to hereinbelow, 
sometimes enzyme such as peroxidase is used as a label. Also, in enzyme analyses or enzyme sensors, the analysis 

so involves enzyme reaction. In the case where the enzyme in a whole blood sample or enzyme released from blood cells 
interferes the analysis, it is sometimes preferable that an enzyme inhibitor be arranged in the filter member, flow pas- 
sage securing member, sample introduction member or analysis member downstream thereof to suppress the enzyme 
activity that is interfering the analysis in the filter member or analysis member downstream. In the case of the specific 
biding analysis where peroxidase is used as a labeling enzyme, catalase that consumes hydrogen peroxide, substrate 

55 of the enzyme, to generate oxygen is exemplified as an analysis-interfering enzyme. As the catalase inhibitor, there can 
be exemplified NaN 3 (sodium azide), hydroxylamine, alkylhydroxylamine, cyan compounds, or heavy metal ions such 
as lead ion, etc. 

[0042] The apparatus of the invention is suitable for the analysis of liquid samples that possibly contain a solid com- 
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[0044] The MEDIA method using the apparatus of the invention is a specific binding analysis method that measures 
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SI a kT T 3 predetermined direction - generating specific binding reaction of the object substance 
^ "f**°n o * the ^signal substance generator in the flow passage corresponding to a concentration £ the 
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2- ^ the present invention P rovides as an apparatus for practicing an MEDIA method a specific binding 
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[0052] The signal substance is a substance generated by a reaction in which the signal substance generator oar- 
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stance. For example, it includes an electron mediator or an'substance that causes to generate an electron mediator, an 
enzyme substrate, an enzyme cefaclor, a hydrogen donor, etc., which will be described hereinbelow. 
[0054] The substance that participates in the generation of a signal substance means the substances that partici- 
pate in the generation of signal except for the signal substance in the case where the signal substance does not gen- 
erate a signal directly and causes other substances to generate a signal or in the case where the signal substance is a 
substance that generates a signal in the presence of other substances or in cooperation with other substances. 
[0055] Further, the flow passage means a flow passage in which the liquid sample introduced from the liquid sam- 
ple introduction member flows or a place where the object substance and the signal substance generator are spread 
and specific binding reaction depending on the concentration of the object substance takes place. 
[0056] The liquid sample introduced from the liquid sample introduction member is introduced into the flow passage 
by externa! pressure by a pump, etc., external force such as gravitation or spontaneous penetration power. 
[0057] To enable reproducible introduction of liquid sample into the flow passage in a simple construction of appa- 
ratus, it is desirable that the flow passage be constituted by a capillary or a narrow flow passage securing member or 
the flow passage be constituted by a porous element so that the liquid sample can be introduced into the flow passage 
by spontaneous penetration power of the liquid sample. 

MODE FOR CARRYING OUT THE INVENTION 

[0058] Hereafter, the apparatus, specific binding analysis method and specific binding analysis apparatus of the 
20 present invention will be explained, based on the construction examples of the apparatus for carrying out specific bind- 
ing analysis by application of the present invention. 

[0059] Fig. 1 shows a construction example of the specific binding analysis apparatus of the present invention, 

basically, having an upper cover 1 , a filter member 2, an analysis member 3, and a lower substrate 4. 

[0060] The upper cover 1 constitutes a liquid sample introduction member, of which Fig. 2A is a cross-sectional 

25 view, and Fig. 2B is a bottom view. As shown in the figures, a flow passage securing member is constituted in such a 
form that it includes, a liquid sample introduction inlet 1 1 that penetrates an upper surface to a bottom surface of the 
upper cover 1 to form an introduction passage for a liquid sample, a circular trapezoidal holding member 1 2 for holding 
the liquid sample introduction inlet, recessed on a lower part of the cover 1 . On a bottom surface 1 3 of the holding mem- 
ber 12 are radially projected a plurality of rectangular parallelopiped protrusions 14a, 14b, 14c .... which have grooves 

30 1 5a, 15b, 15c, ... in the form of a sector recessed between any adjacent two of them. 

[0061] Also, in the present invention, the flow passage securing member may be constructed in a form of which 
Figs. 4 to 6 are cross-sectional views and bottom views, respectively, and Figs. 8A to D are only bottom views of the 
liquid introduction inlet. As shown in the figures, it is constructed such that it includes a circular trapezoidal holding 
member 12 for the liquid introduction inlet, on a bottom surface 13 of which are projected concentrically or radially cen- 

35 tered on a bottom opening 1 6 of the liquid introduction inlet, a plurality of cylindrical or conical protrusions 1 4a, 1 4b, 1 4c 
which have grooves 15a, 15b, 15c, ... recessed between any adjacent two of them. 
[0062] Further, the flow passage securing member may be constructed in a form of which Figs. 7 and 9A are cross- 
sectional views and Fig. 9B is a bottom view. As shown in the figures, it is constructed such that it includes a conical- 
shaped holding member 12 for the liquid introduction inlet, on a bottom surface 13 of which are projected in the form of 

40 three concentric circles centered on a bottom opening part 16 of the liquid introduction inlet, a plurality of cylindrical pro- 
trusions 14a, 14b, 14c which have grooves 15a, 15b, 15c ... recessed between any adjacent two of them, and further, 
the protrusions 14a, 14b, 14c .... are surrounded by a plurality of arcuate frames 72 formed along a periphery of the 
bottom surface 13 through a plurality of grooves 73. 

[0063] The filter member 2 is constructed by a glass fiber filter medium 21 impregnated with an enzyme-labeled 
45 specific binding substance and an electron mediator, a glass fiber filter paper 21b provided with a liquid non-permeating 
seal member 22 on its upper surface, on which surface a glass fiber filter paper 21a is mounted, and impregnated with 
NaN 3 . 

[0064] The analysis member 3 is constructed by, an electrode substrate 32 having a communication hole 31 perfo- 
rated from its upper surface to its lower surface, an antibody insolubilized porous membrane 33 arranged under the 

so electrode substrate, and a water absorption member glass fiber filter paper 35 having on its upper surface a dialysis 
membrane seal member 34 and impregnated with an enzyme substrate. In a lower surface of the electrode substrate 
32 are formed an annular working electrode (detection member) 37 concentrically surrounding a lower opening of a 
communication hole 36, and a working electrode terminal 38 connected to the working electrode 37, and further, on a 
lower surface of the electrode substrate are formed an annular counter electrode 39 concentrically surrounding the 

55 working electrode 37, and a counter electrode terminal 41 connected to the counter electrode 39. 

[0065] Further, the lower substrate 4, of which Fig. 1 0A is a front view, Fig. 1 0B is a bottom view, and Fig. 10C is a 
side view, has a cylindrical seat 42 on which the water absorption member glass fiber filter paper 35 of the above anal- 
ysis member is mounted, projected in a depression 82 recessed in a base 81 for fixing the electrode. At the four corners 
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of the base 81 are perforated assembly holes 44a, 44b, 44c, and 44d dtorresponding to assembly holes 43a, 43b, 43c, 
and 43d perforated at four corners of the upper cover 1. The lower substrate 4 is not limited to the exemplified forms, 
but may be of any form so far as it can be regulated with respect to the arrangement of elements to be laminated and 
distances between the laminated layers. 

s [0066] The apparatus shown in Rg. 1 , as shown in Fig. 1 B, can be assembled by laminating on the lower substrate 
4 in order of the water absorption member glass fiber filter paper 35 impregnated with an enzyme substrate and having 
a dialysis membrane seal member 34 on its upper surface, the specific binding substance-insolubilized porous mem- 
brane 33, the electrode substrate 32, the glass fiber filter paper 21 b, the glass fiber filter paper 21a, and the upper cover 
1 , and inserting bolts (not shown) into the assembly holes 43a f 43b, 43c, and 43d perforated at the four corners of the 

10 upper cover 1, and the assembly holes 44a, 44b, 44c, and 44d perforated correspondingly at the four corners of the 
lower substrate 4, and fixing with nuts (not shown). 

[0067] In the apparatus shown in Fig. 1 , for example, a whole blood sample, is introduced, as a liquid sample, from 
the liquid sample inlet 1 1 of the upper cover (Fig. 2) having a role of the liquid sample introduction member. The intro- 
duced liquid sample passes the flow passage securing member, to capture a solid component, for example, erythro- 

15 cytes. etc. in the filter member, and only a liquid component is subjected to analysis by specific binding reaction of the 
object substance in the analysis member. In this case, the flow passage securing member constructed by depressions 
15a, 15b, 15c ... recessed between any adjacent two of a plurality of protrusions 14a, 14b, 14c ... functions so that the 
permeation of the liquid component in the liquid sample is not inhibited by the solid component captured by and accu- 
mulated on the filter member. Generally, the liquid sample which is an object substance, tends to pass in a permeable 

20 region such as a filter, generally by flowing in a shortest distance, with the result that the solid component is apt to be 
captured by a local region of the filter. In the conventional apparatus, the captured solid component will locally fill the 
filter, or be locally accumulated on the filter according as the liquid sample passes through the filter, to prevent local flow 
of the liquid sample. On the contrary, in the present apparatus, the flow passage securing member acts as a bypass for 
the liquid flow, so that the solid component can be captured efficiently, and at the same time a sufficient amount of per- 

25 meation of the liquid component toward downstream of the filter member where the analysis member is present can be 
secured. That is, in the apparatus of the invention, the flow passage securing member secures space around it even if 
a part of the filter is substantially embedded by the accumulated solid component, and has an effect to introduce the 
liquid flow of liquid sample to the region where the liquid sample can pass, i.e., to the region where the accumulation of 
solid component has not caused hindrance of the flow passage yet. 

30 [0068] The apparatus shown in Fig. 1 1 , has a construction similar to that shown in Fig. 1 . It has a construction such 
that it further comprises a liquid non-permeating element 46 having a plurality of flow inlets 45a, 45b, 45c .... that cause 
the liquid sample to flow into the filter member from the flow passage securing member, between a plurality of protru- 
sions 14a, 14b, 14c .... formed on the bottom surface 13 of the holding member 12 for the liquid introduction inlet of the 
upper cover 1 and the filter member 2. 

35 [0069] The liquid non-permeating element 46 is not limited to the one having the construction shown in Fig. 1 1 , but 
may be of the form shown in Figs. 12A to I, for example. 

[0070] In the apparatus shown in Fig. 1 1 , for example, a whole blood sample is introduced as a liquid sample, from 
the liquid sample inlet 1 1 of the upper cover having a role of the liquid sample introduction member; The introduced liq- 
uid sample passes the flow passage securing member to capture a solid component, for example, erythrocytes, etc. in 

40 the filter member, and only a liquid component is subjected to analysis by specific binding reaction of the object sub- 
stance in the analysis member. Then, a plurality of depressions 15a, 15b, 15c recessed between any adjacent two 
of a plurality of protrusions 14a, 14b, 14c and the above liquid non-permeating element 46 act as a flow passage 
securing member as shown in the above Fig. 1. In the case where the liquid non-permeating element 46 has a plurality 
of flow inlets, the capture of the solid component starts at the filter part of the flow inlet, which is closer to the sample 

45 introduction inlet. Alternatively, in the case where only one flow inlet is present, it starts at the flow inlet on the side of 
the sample introduction inlet. However, this is advantageous in that, if the liquid flow resistance increases because of 
its initial capturing region being filled with the solid components, the liquid sample can pass through the flow passage 
securing member on the liquid non-permeating layer around the flow inlet, and readily flow to an other flow inlets or 
other regions of one flow inlet not filled with the solid component. 

so [0071 ] Further, the apparatus shown in Rg. 1 3, which is another example of the specific binding analysis apparatus 
of the present invention, basically includes an upper cover 51 , a filter member 52, an analysis member 53, and a lower 
substrate 54. Basically, the filter member 52, the analysis member 53, and the lower substrate 54 are similar in con- 
struction to those in the apparatus shown in the above Fig. 1, and the part or site designated by the same reference 
numeral as those shown in Fig. 1 indicate the same part or site shown in Fig. 1 . 

55 [0072] In the apparatus shown in Fig. 13, the upper cover 51 , unlike the apparatus shown in Fig. 1, is a flat plate 
element having no liquid sample introduction inlet, of which Fig. 3A is its cross-sectional view, Fig. 3B is its bottom view, 
and Fig. 3C is its side view. As shown in the figures, it has recessed in its lower part a rectangular parallelepiped inser- 
tion element holding member 56 having an insertion element butting member 55 on one end thereof. The flow passage 



-in 



EP 1 043 588 A1 



securing member in this apparatus is constructed by the octangular parallelepiped insertion element holding member 
56 recessed under the upper cover 51, having the insertion element butting member 55 on one end thereof, and an 
insertion element 57 inserted between the insertion element holding member 56 and the filter member provided there- 
under. The insertion element 57, as shown in Fig. 13, is constructed in such a form that a thin layer flow passage 61 in 
5 which the liquid sample flows is formed by a lower sheet element 59a perforated with liquid flow inlets 58a, 58b, 58c, .... 
an upper sheet element 59b, spacers 60a, 60b provided in the longitudinal direction of both the elements between the 
lower sheet element 59a and the upper sheet element 59b. 

[0073] Also, in this apparatus, the filter member 52 is constructed by two laminated nonwoven fabrics 62a and 62b 
and a filter medium 63, for example, blood cell filter paper, provided under the nonwoven fabrics 62a and 62b. 

w [0074] Also, the analysis member 53 includes an electrode substrate 32 having a communication hole 31 penetrat- 
ing from its upper surface to its lower surface, an arrtibody-insolubilized porous membrane 33 provided under the elec- 
trode substrate, and water absorption member cellulose filter paper 35 impregnated with an enzyme substrate and 
having a dialysis membrane seal member 34 on its upper surface. On the lower surface of the electrode substrate 32 
are formed an annular working electrode (detection member) 39 concentrically surrounding an upper opening of the 

is communication hole 31 and a working electrode terminal 41 connected to the working electrode 39. On the upper sur- 
face of the electrode substrate are formed an annular counter electrode 37 concentrically surrounding a lower opening 
of the communication hole 31 and a counter electrode terminal 38 connected to the counter electrode 37. 
[0075] Further, the lower substrate 54 has a projected, cylindrical seat 42 on which the water absorption member 
cellulose filter paper 35 of the above analysis member is mounted (Fig. 10). 

20 [0076] The apparatus shown in Fig. 1 3 can be assembled by laminating on the lower substrate 54 in order the water 
absorption member cellulose filter paper 35 impregnated with an enzyme substrate and having a dialysis membrane 
seal member 34 on its upper surface, the antibody-insolubilized porous membrane 33, the electrode substrate 32, the 
filter medium 63, the nonwoven fabrics 62a and 62b, and the insertion element 57 and the upper cover 51 in order and 
fixing these using bolts and nuts in the assembly holes (not shown) perforated at the four corners of the upper cover 51 

25 and the assembly holes (not shown) perforated correspondingly at the four corners of the lower substrate 54. 

[0077] In the apparatus shown in Fig. 13, a whole blood sample, for example, is introduced as a liquid sample into 
a thin layer flow passage 61 from a terminal opening 64 of the insertion element 57 having a role of the flow passage 
securing member. The introduced liquid sample passes through the thin layer flow passage 61 and the liquid flow inlets 
58a, 58b, 58c, ... to capture a solid component, for example, erythrocytes, etc. in the filter member and only a liquid 

30 component is subjected to analysis by specific binding reaction of the object substance in the analysis member. Then, 
the flow passage securing member constructed by the insertion element 57 perforated with the liquid flow inlets 58a, 
58b, 58c, ... functions so that the permeation of the liquid component in the liquid sample is not inhibited by the solid 
component captured by and accumulated on the filter member. That is, according as the liquid sample passes through 
the filter, the captured solid component will locally fill the filter or be locally accumulated on the filter. Then, the thin layer 

35 flow passage 61 and the liquid flow inlets 5r8a, 58b, 58c, .. . act as a bypass of the liquid flow to enable efficient capture 
of the solid component and at the same time secure a sufficient amount of permeation of the liquid component toward 
downstream of the filter member where the analysis member is present. 

[0078] A preferred example of the insertion element playing the role of the flow passage securing member includes 
a clogging preventing filter. For example, mention may be made of the one having the following construction. 

40 

a) The construction in which a reagent component (labeled substance, enzyme substrate, electron mediator, buffer 
component, surfactant, etc.) is impregnated and dried in a blood cell capturing filter made of a glass fiber filter 
paper to arrange the reagent component in the filter and a clogging preventing filter as a flow passage securing 
member is arranged thereon. 

45 b) The construction in which a portion of a reagent component (a labeled substance, an enzyme substrate, an elec- 
tron mediator, a buffer component, a surfactant, an enzyme inhibitor, a blood coagulation inhibitor, a blood coagu- 
lation promoter, etc.) is arranged in a dry state upstream of the blood cell capturing filter (glass fiber filter paper). In 
this construction, the reagent component is arranged in a dry state without any carrier at the sample introduction 
inlet upstream of the clogging preventing filter. In particular, those reagent components that are desired to be added 

so prior to capturing blood cells (surfactants, enzyme inhibitors, blood coagulation inhibitors, blood agglutination pro- 
moters, etc.) are preferably arranged in this form. 

c) The construction in which a clogging preventing filter is arranged above the blood cell capturing filter (cellulose 
filter paper), a portion of the reagent component is arranged in a dry state upstream of the blood cell capturing filter, 
and another portion of the reagent component is arranged in a dry state on the water absorption member filter 

55 paper. In particular, it is preferred that reagent components that are desired not to contact with the captured blood 
cells (enzyme substrates) be arranged in this manner on the water absorption member filter paper. 

d) The construction in which locations of the sample introduction inlet and the communication member to the anal- 
ysis member are dislocated in the vertical direction. In this construction, dislocation of the sample introduction inlet 
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ber to the analysis member 3 are dislocated. - ^ 

[0087] Fig. 15A is a diagram showing the construction of each element, Fig. 15B shows an assembly construction 
example, and Fig. 15C is an enlarged diagram showing the rear surface of the electrode substrate. 
[0088] In the apparatus shown in Fig. 1 5, the analysis member 3 is constructed by an electrode substrate 32 having 
a communication hole 31 penetrating it from its upper surface to its lower surface, an antibody-insolubilized porous 
membrane 33 provided under the electrode substrate, and a water absorption member cellulose filter paper 35 impreg- 
nated with an enzyme substrate. On the lower surface of the electrode substrate 32 are formed a working electrode 
(detection member) 39 contacting the communication hole or communication terminal 36 and a working electrode ter- 
minal 41 connected to the work electrode 39 while on the upper surface of the electrode substrate are formed a counter 
electrode 37 contacting the communication hole or communication terminal and a counter electrode terminal 38 con- 
nected to the counter electrode 37. 

[0089] As described above, the dislocation of the sample introduction inlet and the communication member (com- 
munication hole or communication terminal) can avoid the hindrance of the flow passage by the captured particles just 
under the sample introduction inlet. Further, the dislocation of the sample introduction inlet and communication member 
increases surface area of the captured filter and enables the flow passages indicated by arrows X, Y and Z to be con- 
structed longer, resulting in an increase in both the efficiency of capture and the efficiency of avoiding the hindrance of 
the flow passage as well as an increase in the efficiency of admixture of a sample and a reagent in the flow passage. 
Further, in the case of the specific binding analysis apparatus in which the electrode as a detection member is arranged 
around the communication member, the sample introduction inlet, an open space, is remote form the communication 
member, which enables the detection member in the vicinity of the communication member to be held more firmly. 
[0090] Hereinafter, the present invention will be described more concretely by examples. However, the present 
invention should not be limited to the examples. 

(Embodiment 1) 

( Preparation of elements) 

[0091] Hereinafter, the dimensions of a quadrate element (AxB) were described such that A is in the direction per- 
pendicular to the liquid flow and b is in the direction parallel to the liquid flow. 

< Preparation of horseradish peroxidase (HRPO)-labeled anti-E2 antibody ) 

[0092] Horseradish peroxidase (HRPO)-labeled anti-E2 antibody was prepared according to the method of Jane J. 
Zara et al. described in Analytical Biochemistry 194, 156-162 (1991) using horseradish peroxidase (HRPO) (Toyo- 
boseki). 

{ Preparation of E2-6CMO-rglobulin> 

[0093] E2-6CMO (Sigma) activated with N-hydroxysuccinimide (Wako Pure Chemical Industries, Ltd.) and 1 -ethyl- 
3-(3<iimethylaminopropyl)carbodiimide hydrochloride (Wako Pure Chemical Industries, Ltd.) was added to a solution of 
y-globulin (Sigma), and the mixture was stirred at 4°C for one night. Then, E2-6CMO-y-globuiin was purified using 
Sephadex-G25 (Pharmacia Biotech, Inc.). 

< Production of antigen-insolubilized membrane) 

[0094] 2.0 mg/ml of E2-6CMO-y-globuiin antigen solution was prepared using phosphate buffer saline (76 mM PB 
- 76 mM NaCI, pH 6.4, hereafter abbreviated as "PBS"). A 10 mm^ mixed cellulose porous membrane (Millipore, Inc.) 
was dipped in an antigen solution and the mixture was shaken at 25°C for one night to insolubilize the antigen. After 
washing the antigen insolubilized membrane, it was dipped in a 1 % casein (Wako Pure Chemical Industries, Ltd.)/PBS 
solution to carry out blocking. Then, the membrane was washed and dried under reduced pressure to obtain an antigen 
insolubilized membrane. 

< Production of HRPO-labeled E2 antibody-electron mediator THEPD lyophilizate) 

[0095] As an electron mediator, N,N,N',N'-tetrakis(2-hydroxyethyl) -p-phenylenediamine (Mochida Pharmaceutical 
Co., Ltd., abbreviation: THEPD) was used. 

[0096] Using a 1 2mM THEPD • 5mg/ml anti -erythrocyte antibody (Organon Teknika Co.) - 5% normal rabbit serum 
(Nippon Seibutsu Zairyo, abbreviation; NRS) - 5% maltose (Wako Pure Chemical Industries, Ltd.) - 160 U/ml heparin 



50 



EP 1043 588 A1 

antibody diluted so,u»ion vrcs dripp^ 
s ( Production of catalase inhibitor (NaN 3 ) lyophilizate) 

to obtam a catalase inhibitor (NaN 3 ) lyophilizate. ^ ea th ' S W3S ,rozen and to**** on a tray 

< Production of enzyme substrate (hydrogen peroxide) lyophilizate) 

» WW to 8 mm* cellulose filler papers ( Jalman 3«K Jf U '« "«»"' «" «* 

'l^'^onalraytotorm^ogenpl-^tteiy^feaK . ^™ afta * '5*^ ^weretaenand 

ro [0099] A PET film (thickness: 0.1 mm) was cut to 1? mm o«= 

its both ends which are para.le, to the Hq £ h,™ to * a 2^ wZo, " \ T adheSive tape was b °"** to 

sr b S£*r in dh f,ow passase secur '" 9 ' men *' r ,i,m (thickness: 03 mm) as an 

; ^press^ 

antibody - 5% NRS - 5% maltose - 1 60 U/ml hepan^^nr^^r^; l 2mMTHEPD " 5mg/ml anti-erythrocyte 

°< 2 mm, as flow inlets. P«™<». 0. 1 mm) out to 12 mm x 35 mm was perforated , 2 ,3,4, ^ 

I Production ol a whole blood dry system analysis apparatus 1 

with its center being aligned. Furthe' £ fiSTI^^^T^ ^ inS0,ubi,ized ™mbrane 33 
the communication ho.e could be aligned. I aVomm^n 25£S?J ^ was superimposed so that the center of 
paper 5C (ADVANTEC) cut to 3 mm*. Then, an adhere dTZ rnll ♦ f "** WaS inserted a «***» filter 
5C (10x14 mm, ADVANTEC) 63 o7tt,e electS^^^^ 

62a and 62b of NaN 3 .yophilized nom^^XlJSn" ^ 5 ° Were ,amina,ed ^ K» 
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Particulars of Electrode A 
[0107] 

Carbon working electrode: 

3 to 5 mm<|> ring-like electrode (lower surface) 
Silver counter electrode: 

3.5 to 7 mm<t> ring-like electrode (upper surface) 
Communication hole: 3 mm<|> 

[0108] In this apparatus, an adhesive double coated tape was bonded to the lower surface of the upper cover 51 
made of acrylic resin to fix the previously fabricated thin layer capillary flow passage (cf. Fig. 3). Further, three spacers 
(thickness: 0.5 mm) were inserted in each screw position in the upper cover so that they were parallel to the liquid flow. 
The upper cover 51 was put on the lower substrate 54 made of acrylic resin having laminated thereon the above cellu- 
lose fiber filter paper 35, antigen insolubilized membrane 33, electrode substrate (electrode A) 32, cellulose filter paper 
5C (10x14 mm) 63, and NaN 3 lyophilized nonwoven fabrics (10x14 mm) 62a and 62b, such that the 3x4 holes of flow 
inlets in the thin layer capillary flow passage were directed downward (toward the surface of the nonwoven fabric), and 
the four corners of the upper cover and of the lower substrate were screwed to assemble an analysis apparatus as 
shown in Fig. 13. 

[0109] Also, an analysis apparatus was assembled in the same manner as above except that the HRPO-labeled 
antibody - THEPD lyophilizate was not incorporated in the insertion element. 

( Analysis of whole blood samples) 

[0110] In the analysis apparatus in which HRPO-labeled antibody - THEPD lyophilizate was incorporated in the 
insertion element, 140 \i\ of a sample obtained by adding each concentration of E2 to whole blood exsanguinated using 
a heparin-coated blood collecting tube was injected into the thin layer capillary flow passage and the electric current 
was measured. 

[01 1 1 ] In the analysis apparatus in which no HRPO-labeled antibody - THEPD lyophilizate was incorporated in the 
insertion element, the HRPO-labeled antibody - THEPD lyophilizate was dissolved in whole blood to which each con- 
centration of E2 was added, and then 140 *il of the sample was injected in the thin layer before the electric current was 
measured. Just before the addition of the sample liquid, a voltage of -150 mV with respect to the counter electrode was 
applied to the working electrode. Measurement of the electric current was performed using an electric current measur- 
ing circuit (Mochida Pharmaceutical Co., Ltd.) and electric current value was measured at intervals of 1 second. 

(Results) 

[0112] As a result, in the analysis apparatus in which HRPO-labeled antibody - THEPD lyophilizate was incorpo- 
rated in the insertion element, and the analysis apparatus in which no HRPO-labeled antibody - THEPD lyophilizate 
was incorporated in the insertion element, good electric current responses to E2 concentration were obtained without 
causing clogging by blood cells as shown in Fig. 16. 

(Embodiment 2) 

< Preparation of Tween 20-treated GA100 glass fiber filter paper) 

[0113] Glass fiber filter paper GA100 (ADVANTEC) was dipped in an aqueous 0.2% Tween 20 solution at room 
temperature for one night. Further, it was washed with distilled water and heat-dried at 80°C. 

< Production of HRPO-labeled CR2) 

[0114] HRPO to which a maleimide group was introduced with Sulfo-SMCC (PIERCE) was connected to CRP, to 
which a sulfohydryl group was introduced with Traut's reagent (PIERCE), and the product was purified through a Super- 
dex 200 column (Pharmacia Biotech) to obtain HRPO-labeled CRP. 



EP 1 043 588 A1 

( Production of HRPO-labeled CRP - THEPD glass fiber filter paper) 

[0115] 

tose 



'^Tp^ 

- "PIPES", Vfcko Pure Chemica, *J^l^5^^1!XX^ ***** a * rWi * d 38 
treated GA100 glass fiber filter paper cut to a 11 mm/ il 7nH J f i SOlUt '° n t0 the Tw ** n 20- 

glass fiber filter paper. * C ' rCle 3nd 'W hlllz ed to obtain an HRPO-labeled CRP - THEPD 

^ < Production of mouse monoclonal anti-CRP antibody-insoluWIized membrane) 

dipped in the antibody solution to insoluSSa^SSv The 1? ™* porous membrane was 

casein/PBS solution at 25»C for 30 JS^ISSS^S^T^J' membrane " 1 W * S dipped in a 1% 
» ^P-uretoobtoinmou^ 

( Production of hydrogen peroxide lyophilizate) 

( Production of NaN 3 glass fiber filter medium > 

& [0118] A solution of 30 mM NaN 3 - 160 U/ml - 10 mM Pippq /nw 7 >ix 

applied to Tween 20-treated GA100 gtess fteZer „ ' ^ ?' 4) Was pre P ared 120 ^ of this solution was 
fiber filter paper. 9 ^ f * er Paper Cut to a dlsk of 1 1 ™* and lyophilized to obtain NaN 3 glass 

< Production of an analysis apparatus) 



30 



35 



acrylic resin. In the center of a surface of the ^Iter LnTiS 1 W3S '' Xed ° n the lower substrate ™de of 

Chemical Industries, Ltd.) with ^S^SlS^Z^ ™ « dWy * membrane (18/32 ' Sank ° p ^ 

inso.ubi.ized membrane (10 l ° ' ^ ^ ^ anti " CRP an « b «* 

fixed to the lower substrate sJZu^mToZTJ^ TVl* ""»*■ The e,ectrode vvas 

inso.ubi.ized membrane (10 mm») were aligni comf ™°n n°.e and the center of the anti-CRP antibody- 



40 



Particulars of Electrode 
[0120] 



45 



50 



55 



Carbon working electrode: 
Silver counter electrode: 
Diameter of communication hole: 



4 to 7 mm<|> ring-like electrode 
8 to 10 mm<|> ring-like electrode 
4 mm<|> 



[0121] 

seal in the central part of the surface such that the surface on '^iZ'I, 0 T"* "'^^P 60 **« non-permeating 
up. and the center of the liquid non-permeaSg sLZT^^l meating Seal was ^ ,a <*« 

.rode substrate, was laminated. Further, nR^S^p^p^J^ T nwfa * n hole ° f *• do- 
nated on the NaN 3 glass fiber filter paper Also a PET fta rw^Si 9 ! H~ " ™" 0 1 mmW was lami " 



1C 
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paper (1 1 mrrk|>). When the PET film provided with the flGw inlets was superimposed, the center of the PET provided 
with the flow inlets was aligned with the center of the liquid sample introduction inlet of the upper cover made of acrylic 
resin covering the PET film, moreover the PET film was arranged so that the protrusions provided under the upper cover 
does not clog the flow inlets of the PET film. Finally, the upper cover to which PET film provided with the flow inlets was 
5 fixed was overlaid and the four corners thereof were screwed to fabricate an analysis apparatus as shown in Fig. 1 1 . 

{ Measurement of electric current) 

[0122] 200 \x\ of samples obtained by adding each concentration of CRP to fresh whole blood were injected into the 
10 sample introduction inlet of the analysis apparatus and measurement of electric current was carried out. To the working 
electrode was applied a voltage of - 150 mV with respect to the counter electrode, before the addition of he sample liq- 
uid. Electric current was measured, using an electric current measuring circuit (Mochida Pharmaceutical Co., Ltd.) in 
terms of electric current values at intervals of 1 second. An average value of electric current values from the time when 
the sample was added up to 270 to 330 seconds, was considered as the electric current value of the working electrode. 

15 

(Results) 

[0123] As shown in Fig. 17, there was good response to CRP concentration in whole blood cells. 
20 (Embodiment 3) 

< Production method for an analysis apparatus having a thin layer flow passage) 

[0124] In the same manner as in Example 2, an analysis apparatus having a thin layer flow passage was fabricated. 

25 That is, a hydrogen peroxide lyophilized glass fiber filter paper GB100R (10 mm<t>) was fixed on the lower substrate 
made of acrylic resin. In the center of a surface of the filter paper was applied a 8 mm<|> disk-shaped dialysis membrane 
(18/32, Sanko Pure Chemical Industries, Ltd.). Further, theanti-CRP antibody-insolubilized membrane (10 mm^) was 
superimposed on hydrogen peroxide lyophilized glass fiber filter paper (10 mm<|>) with aligning the centers. Then the 
electrode substrate was fixed to the lower substrate such that the center of the communication hole and the center of 

30 the anti-CRP antibody-insolubilized membrane (1 0 mm<|>) were aligned. 

Particulars of Electrode 
[0125] 

35 





Carbon working electrode: 


4 to 7 mm<|> ring-like electrode 


40 


Silver counter electrode: 


8 to 10 mm<t> ring-like electrode 




Diameter of communication hole: 


4 mm<|> 



[0126] An NaN 3 lyophilized glass fiber filter paper (1 1 mrri(|>) to which was applied a 7mm<t> disk-shaped liquid non- 
45 permeating seal in the central part of the surface was laminated such that the surface on which the liquid non-perme- 
ating seal was applied was up and the center of the liquid non-permeating seal was aligned with the center of the com- 
munication hole of the electrode. Further, the HRPO-labeled CRP - THEPD lyophilized glass fiber filter paper (11 mm<|>) 
was laminated on the NaN 3 lyophilized glass fiber filter paper with its center being aligned. An upper cover made of 
acrylic resin having eight radial protrusions for forming space constituting a flow passage securing member was put and 
so further the four corners of it were screwed to fabricate an analysis apparatus having the construction as shown in Fig. 
1 , which has a flow passage securing member constructed by the space formed between the upper cover and the NaN 3 
lyophilized glass fiber filter paper. 

( Measurement of current) 

55 

[0127] Samples obtained by adding each concentration of CRP to 200 jil of fresh whole blood were injected into the 
sample introduction inlet of the above-mentioned analysis apparatus having the construction as shown in Fig. 1 , and 
measurement of current was carried out. To the working electrode was applied a voltage of -1 50 mV with respect to the 



■IT 
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5 



10 



15 



20 



(Results) 



ol c»en, vato be^ speaks having differed Zl^Sl. * ' ° "~ " P,ed5ion 



(Embodiment 4) 



Particulars of Electrode 
[0130] 



25 



30 



Carbon working electrode: 
Silver counter electrode: 
Diameter of communication hole: 



4 to 7 mnty ring-like electrode 
8 to 10 mm<(> ring-like electrode 
4 mm<f> 



munication hole Sf the electr^urth^Te HRPO Shf.l nnp TuSn, 69 ' a " 9ned with 016 center of the «> m - 

was laminated on the Na^o^ <™4>) 

Fig. 2 having protrusions d 0 Tmm ^hSt So n tT7 C6n,6r bem9 An upper show " in 

45 { Measurement of current ) 
(Results) 
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Table 1 





neigrn ot protrusion ot 


Working electrode 




upper cover (mm) 










Concentration of CRP 


Average SD CV (%) 






added 0 mg/dl Current 








venue \fj.r>y 




1 


0.5 


-17.05 


-15.93 








o. Q7nn 






-1S ^ 

1 \J.\j 


fi 1 


2 


1 


-14.4 


-15.12 






-1fi 1 


u.oouo 






-14 AS 

1 H.OJ 


vJ.O 


3 


0.5 


-15.6 


-15.62 






-16.05 


0.4252 






-15.2 


2.7 


4 


0.5 


-18.35 


-18.60 






-18.15 


0.6144 






-19.3 


3.3 



(Embodiments) 

{ Production of rabbit polyclonal anti-CRP antibody-insolubilized membrane) 

[0134] 4.0 mg/ml of rabbit polyclonal anti-CRP antibody RC3 (Mochida Pharmaceutical Co., Ltd.) solution was pre- 
pared using PBS. A 10 mm(|> mixed cellulose porous membrane (Millipore, Inc.) was dipped in the antibody solution for 
one night for infiltration to insolubilize the antibody. After washing the antibody-insolubilized membrane, it was dipped 
in a 1-% casein (Wako Pure Chemical Industries, Ltd.)/PBS solution to carry out blocking. Then, the membrane was 
washed and dried under reduced pressure to obtain an antibody-insolubilized membrane. 

[0135] An analysis apparatus having the construction as shown in Fig. 1 was fabricated in the same manner as in 
Example 4. That is, a hydrogen peroxide lyophilized glass fiber filter paper GB100R (100 mrri(|>) was fixed on the lower 
substrate made of acrylic resin. In the center of a surface of the filter paper was applied an 8 mm<t> disk-shaped dialysis 
membrane (18/32, Sanko Pure Chemical Industries, Ltd.). Further, the anti-CRP antibody-insolubilized membrane (10 
mm<|>) was superimposed on the hydrogen peroxide lyophilized glass fiber filter paper (10 mm<|>) with aligning the cent- 
ers. Then, the electrode substrate was fixed to the lower substrate such that the center of the communication hole and 
the center of the anti-CRP antibody-insolubilized membrane (10 mnrk|>) were aligned. 

Particulars of Electrode 

[0136] 



Carbon working electrode: 


4 to 6 mm<|> ring-like electrode 


Silver counter electrode: 


9 to 10 mm<|> ring-like electrode 


Diameter of communication hole: 


4 mm<|>, 



[0137] An NaN 3 lyophilized glass fiber filter paper (1 1 mm<|>) to which a 7mm<t> disk-shaped liquid non-permeating 
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munition ho.e o7 the decide F^^^^^^ I? ST WiUl Cen,er <* the ™* 

was lamina.* on the NaN 3 lyophi.i 2ed ga^ftoe 

in Fig.4 having protrusion of 05 mm in h^Nbl^S^f ^^^^^W^ 6 ^ 
0.7 mm in height (Nos. 3 and 4 in S 2) TZl cl^' in Fi 9- 6 having protrusions of 

2 in Table 2), and upper «mw in '£ 7ZT'« " 6 ha " nB Pr0trUSi0ns of 0 5 mm in hei 9* (No. 
respective., were puLd the ^^1^ o' >£ZZ"!? ? 6 ' ^ 7 h T ^ 2) ' 

having flow passage securing member oon^^XlS?iS^ ""^ aPParatUS6S 

lized glass fiber filter paper. Y P ° med between the W a** and the NaN 3 lyophi- 



< Measurement of current) 



measurement (Tcurrent J^S^jBt^iSS^ 35 deSC " bed ^ and 

counter electrode just before the ^*E^££^2*" * ^ «P« to the 

(Mochida Pharmaceutical Co.. Ltd ) in terms 0^^ S ♦ T <7 aSUred USi " 9 3 CUrrent measurin 9 circuit 
ues up to 360 to 420 ^iSSS S ^ "** ° f ^ 

electrode. p,e was added was set U P a current value of the working 



(Results) 
[0139] 



fXmpal^^ 

form shown in Fig. 6 having cylnSS^ * toZZTt" ** Sma " eSt Whe " *• Upper ™« of ^ 
180 nl (No. 7 in Table 2). — ™ « >•» "-m m ne.gnt was used and the amount of liquid was set to 



on 



EP 1 043 588 A1 



Table 2 



Number 


Height of upper 
cover protrusion 
(nun) 

Liquid addition 
amount (pi) 


Working electrode 






Concentration 
of CRP added 

0.1 mg/dl 
Current value 
(MA) 


Average 

SD 
CV (%) 


1 


0.5 
200 


-11.85 
-9.80 
-9.90 

-10.30 


-10.46 
0.9499 
9.1 


2 


0.5 
200 


-8.80 
-9.50 
-8.15 
-9.95 


-9.10 
0.7906 
8.7 


3 


0.7 
200 


-9.90 
-9.50 
-9.70 
-9.30 


-9.60 
0.2582 
2.7 


4 


0.7 
180 


-9.15 
-9. 50 
-9.05 
-10.35 


-9.51 
0.5907 
6.2 


5 


1.0 

200 


-9.20 

-8.60 
-8.70 


-8.86 
0.2689 
3.0 


6 


1.0 

lbu 


-10.60 
-10.65 
-9.65 
-9.65 


-10.21 
0.4922 
4.8 


7 


1.0 
180 


-9.70 
-10.00 
-10.00 

-9.65 


-9.84 
0.1887 
1.9 
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w 



(Embodiment 6) 

( Production of an analysis apparatus having a thin layer flow passage) 

membrane albino S«",f^^T^ 2 !? T^T "° " as """"a °" •» <*** 

Particulars of Electrode 



[0141] 



75 



20 



Carbon working electrode: 
Silver counter electrode: 
Diameter of communication hole: 



4 to 6 mm<|> ring-like electrode 
9 to 10 mm<|> ring-like electrode 
4 mrrkf. 



25 



30 



35 



40 



She^ 

applied was up and the center of the S rTSSS ? °" ^ * he liquid non -P e ^ating seal was 

of the electrode subst a^Sr^ f cente < - *. communication ho.e 
ontheNa^glassfiberfiKe^ 

was further laminated on the NaN 3 ly(»hilfeed qlass f^ber^ter nan Jr Jf 0 ^. ^ ^'ass '" >er ,llter Paper (1 1 mm<|>) 

shown in Fig. 6 having prtnJ.tf^^tS^^ 9ni " 9 ^ ""^ *" W covers 

an analysis apparatus which has a f tow rao! TJ?1Z 1 f COmere thereof were screwed to fab ™ate 

upper cover an^he N^^^T^^^ * *" ^ b *"« n the 

< Measurement of current ) 

carried out. To the working electrc^^^ vf * - ^ and measuremef « * current was 

the addrtion of the sample Kqu^ respecttothe counter electrode just before 

Co., Ltd.) in terms of cm^b^^T^^? V*™ 9 ^ (Mochida Pha rmaceutical 
ondstromthetimewhenthesamp^^^^ 

(Results) 
so (Embodiment 7) 

flrudtan indudina a Plurality ol c*S IS^! !TT ' : '*' e, ■ US l" s,s n,ade 01 *» "» "■*» «» «"- 
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(Embodiment 8) < » 

[0146] Analysis was performed using whole blood specimens having various hematocrit values, respectively, in the 
same manner as in Example 4 except that as the upper cover, use was made of the one having the construction includ- 
5 ing a plurality of cylindrical protrusions 14a, 14b, 14c, ... surrounded by a circular frame 72 as shown in Fig. 7 and that 
the order of laminating the NaN 3 lyophilized glass fiber filter paper and HRPO-labeled CRP - THEPD lyophilized glass 
fiber filter paper was reversed. As a result, the analysis apparatus also showed good response to current as shown in 
Fig. 23 and was not influenced by hematocrit. 

10 Industrial Applicability 

[0147] The analyzer for liquid samples of the present invention provides an analysis apparatus for a liquid sample, 
in which upon analysis of liquid component in a liquid sample possibly containing a solid component, the permeation of 
the liquid component in the liquid sample in a filter member provided for preliminarily capturing the solid component is 
75 not prevented by the captured solid component, so that the degree of accuracy in the analysis of the object substance 
in the liquid component in an analysis member downstream of the filter member can be improved, the solid component 
can be efficiently captured on the filter member to achieve quick analysis, and the whole apparatus including the filter 
member can be downsized. 

[0148] Further, the specific binding analysis method of the present invention can accurately and efficiently measure 
20 an object substance in a liquid sample by its specific binding reaction using the above analyzer. 

[0149] . Furthermore, the specific binding analysis apparatus of the present invention can accurately and efficiently 
analyze and measure an object substance in a liquid sample by its specific binding reaction using the above specific 
binding analysis method. 

25 Claims 

1. An analyzer for liquid samples, comprising a liquid sample introduction member, a filter member for capturing a 
solid component of a liquid sample introduced from the liquid sample introduction member, and an analysis mem- 
ber for analyzing an object substance in the liquid sample passed through the filter, wherein a clearance-carrying 

30 flow passage securing member with carrying a clearance is formed between a member, which is provided above 
the filter member, and the filter member so that the permeation of a liquid component in the liquid sample is not 
prevented by the solid component captured by and accumulated on the filter member. 

2. The analyzer for liquid samples as claimed in claim 1 , wherein the flow passage securing member is constituted by 
35 a clearance formed between a depression formed on a lower surface of the member formed on a body of the appa- 
ratus arranged above the filter member and an upper surface of the filter member. 

3. The analyzer for liquid samples as claimed in claim 1 , wherein the flow passage securing member is constituted by 
an insertion member having a liquid passage, inserted between the member arranged above the filter member and 

40 the filter member. 

4. The analyzer for liquid samples as claimed in any of claims 1 to 3, wherein a liquid non-permeating element having 
bored with at least one liquid flow inlet is arranged between the flow passage securing member and the filter mem- 
ber. 

45 

5. The analyzer for liquid samples as claimed in any of claims 1 to 4, wherein a reagent component comprising an 
enzyme inhibitor, a Wood coagulation inhibitor, or a blood agglutination promoter is arranged at at least one of the 
liquid sample introduction member, the f tow passage securing member, and the filter member. 

so 6. The analyzer for liquid samples as claimed in any of claims 1 to 5, wherein the solid component contained in the 
liquid sample is a blood cell component. 

7. A specific binding analysis method that measures an object substance in a liquid sample based on its specific bind- 
ing reaction using the analyzer for liquid samples as claimed in any of claims 1 to 4, comprising the steps of: flowing 
55 a signal substance generator that participates in a specific binding reaction and generates a signal substance and 
the liquid sample in a predetermined flow passage in a predetermined direction, generating specific binding reac- 
tion of the object substance, forming a distribution of the signal substance generator in the flow passage corre- 
sponding to a concentration of the object substance in the liquid sample utilizing the specific binding reaction, 
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generating a signal substance by the signal substance generator distributed In the flow passage, and detecting the 
generated signal substance by a detection means. aeieciing tn e 



A specific binding analysis apparatus for use in the specific binding analysis method as claimed in claim 7 the 
apparatus comprising a liquid sample introduction member, a flow passage securing member, a filter member and 

noH^'fh m r, ' ""if' 6 " 1 ? 8 ! nalySiS memberhasa,low P ass age for liquid samples arranged so as to be'con- 
nected to the filter member and a detection member that detects a distribution of a signal substance generator cor- 
respond^ to an amount of the object substance in the liquid sample formed in the flow passage by a specific 
binding react,on of the object substance in the liquid sample with a specific binding substance that specifically 
binds to the object substance as a signal intensity corresponding to mass transfer by diffusion of the signal sub- 
stance generated by the signal substance generator. 9 

The specific binding analysis apparatus as claimed in claim 8. wherein the detection member is an electrode that 
detects an electrochemical signal. 

The specific binding , analysis apparatus as claimed in claim 8 or 9, wherein the reagent component comprising an 
enzyme inhibrtor. a blood coagulation inhibitor, or a blood cell agglutination promoter is arranged at at least one of 
the liquid sample introduction member, the flow passage securing member, and the filter member. 

1 1 " Jnl 'T^' 6 , ana ' yS j, S !S parah,B 35 Claimed in of claims 8 ,0 10 ' ^^ein the solid component contained 
in the liquid sample is a blood cell component. 
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FIG.4A 




FIG.4B 



-12 



0 




0 














0 




0 



FIG.5A 



FIG.5B 
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FIG.6A 




FIG.6B 
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FIG.8A 
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FIG.9A 




FIG.9B 
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FIG, 10A 
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FIG.11A 




FIG.11B 
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FIG.12A FIG.12B FIG.12C 




FIG.12D FIG.12E FIG.12F 




FIG.12G FIG.12H FIG. 121 
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FIG. 13 
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FIG.15A 




FIG.15B 




FIG.15C 
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FIG. 16 
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FIG.18A 
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FIG.21A 
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FIG.22A 
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FIG. 23 
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